The productivity of Glossina austeni Newst., maintained on lop-eared rabbits, has been calculated by Jordan & Curtis (1968a). The distinction was made between colonies in the " expanding phase ", when all female offspring produced by the colony are added to the breeding stock and growth is exponential, and the "stationary phase", when sufficient offspring are retained to keep the colony at constant size and the remainder used for some purpose such as sterilisation and release. The calculations were not based on direct observations on colonies in the expanding and stationary phases but on data for the female life-table and age-specific fecundity. For the expanding phase, r m , the innate capacity for increase in numbers (Andrewartha & Birch, 1954), was calculated. Hence the expected rate of increase of an expanding colony could be determined. For the stationary phase, productivity was calculated in terms of the weekly output of disposable pupae or young adult males.
natural deaths. Data for the post-mating life of goat-fed females are taken from an experiment in which 250 females produced a mean of 11-4 pupae per female; mortality and pupal production were recorded on six days a week.
Calculation procedures
The method used for calculating r m is that of Birch (1948) , which was first applied to tsetse by Glasgow (1963) . The details of the methods used for this calculation are the same as those given by Jordan & Curtis (1968a) and will not be repeated here. The female life-table starts from the beginning of pupal life and includes data on the percentage of pupae hatching and of adults surviving to successive ages. The data on female age-specific fecundity are based on the observed number of pupae produced per surviving female in successive nine-day time-units. As there is a 1:1 sex ratio at emergence in Glossina, these numbers have been divided by two to convert them to the rates of production of female pupae. Nine days is approximately the period between ovulations in an individual female under the conditions used so that a steady value of 0-5 for age-specific fecundity would represent production of a pupa from every ovulation.
In the previous paper (Jordan & Curtis, 1968a ) the productivity of disposable individuals from a stationary colony was determined via a calculation of the proportion, q x , in each age group of the colony. Monro & Osborn (1967) did essentially similar calculations but without the use of q x , and their approach has the advantage that it is easy to test the effect on the productivity of killing the surviving breeding stock at different ages. The method of Monro & Osborn was therefore adopted in the present work but their equation was modified so as to incorporate the data and assumptions about the requirements for " stud " males in a breeding colony of G. austeni, as given by Jordan & Curtis (1968a) . Where the progeny are not sexed before disposal the output of each sex, per week, from a stationary colony of y adult flies is given by:
where: l x represents the female life-table entries and l 3 is the entry at the age of pupal emergence; m x represents the entries in the table of female age-specific fecundity; a and £ represents summation from the age of three time-units up to the age d time-3 units at which the surviving breeding females are killed. Calculations were also made for the case where the progeny are sexed and all the adult males, except those required for the breeding colony, are distributed. Using the same symbols as above the output per week is given by:
The calculations both for the expanding and stationary colonies were carried out on a computer. The Algol programme used would be applicable to data from other colonies of tsetse or other species of animal and is available for use by other workers on application to the authors. 
Results
The data on survival and age-specific fecundity for goat-and rabbit-fed females are plotted in Fig. 1-2 . Fig. 1 indicates that throughout life the goat-fed flies survived slightly better than the rabbit-fed ones. Conversely, the fecundity of the rabbit-fed flies was consistently higher than for the goat-fed ones (Fig. 2) .
From the data in Fig. 1-2 , r m was computed and from this the doubling time and increase over one year of an expanding colony were calculated. The results are shown in columns 1-3 of Table I . The weekly disposable output of pupae produced by a stationary colony of y rabbitfed adult flies was calculated on the assumption that the surviving breeding females were killed at various different ages. As shown in Fig. 3 the output from the whole colony reaches a maximum if the survivors are killed at an age of about 220 days from their deposition as larvae; the rate of output would decline very slightly if the killing was delayed after that age because the colony would then contain a small proportion of old females with reduced fecundity. The graph of output from a stationary colony of goat-fed flies against age of killing of the survivors has a similar shape as for rabbit-fed flies.
Columns 4-7 of Table I give data on the weekly disposable output of viable pupae of each sex or of young adult males from specified stationary colonies of adult flies. It is assumed that the surviving females are killed at the age which gives the optimum rate of output from the colony. In summary, the weekly output of males could be 20-30% of the number of flies that have to be maintained, varying according to which host is used and whether unsexed pupae or male adults are required. 
Discussion
It is considered that the performance of both the rabbit-and goat-fed samples of flies was consistent with the current performance of the main colony of G. austeni at this laboratory (Nash & Jordan, in press PRODUCTIVITY OF GLOSSINA AUSTENI been a prolonged improvement in fly performance. The productivity obtainable with goat-fed flies in 1967 was calculated and presented in abstract form by Jordan & Curtis (19686) . Because of continued improvement in goat-fed performance the data in Table I show a marked improvement on the data for 1967. The cause of the prolonged improvement in performance was at least partly, and perhaps wholly, improvements in technique, including the culling of unsuitable goats . Feeding on rabbits' ears was not started until 1965; there has been only a slight improvement in the survival and fecundity of rabbit-fed females compared to the initial high performance that was achieved. The productivity of a rabbit-fed colony, given in Fig. 1 , however, is considerably better than the figures given by Jordan & Curtis (1968a, b) because of the improvement in pupal maintenance technique already referred to.
The somewhat better performance of rabbit-fed flies, compared to goat-fed ones, is due solely to their higher fecundity; the reason for this difference is unknown. Jordan et al. (1967) suggested that, although there may be some beneficial factor in rabbit blood, the explanation could be that the ear of a rabbit is an ideal feeding surface and the vertical drop on to the rabbit's ear is much easier for older, virtually wingless females than is the lateral movement necessary when cages are strapped to the flanks of goats. Before any large-scale colony was initiated for the production of tsetse for use in an autocidal control project, it would be important to make a careful economic assessment of whether rabbits or goats were the more satisfactory hosts to use.
A colony of tsetse designed to produce males for sterilisation and release could be initiated from large collections of individuals from the field and under these circumstances the value of r m , which is a measure of the rate at which a colony could expand, would be of limited value. However, if a colony had to be derived from a selected pair of individuals, as would be the case if chromosome translocations were to be used for tsetse control (Curtis, 1968) , the rate of expansion would be important; as shown in Table I , a rabbit-fed colony would have some advantage in this respect.
Apart from such exceptional situations, captive colonies would be likely to approximate to the stationary type. As shown in Table I , the size of such a colony for a given rate of output would be 18-20% larger using goats rather than rabbits. Such small differences in productivity would probably be outweighed by considerations of the relative ease and cost of obtaining and maintaining sufficient goats or lop-eared rabbits in the locality where large-scale breeding was to be undertaken. The minimum number of rabbits or goats required to feed a given number of flies is not yet known.
In applying the sterile male method to tsetse it may be desirable to release the sterilised individuals at the pupal stage (see, for example, Dame et al., 1969) , and in this case columns 4 and 5 of Table I give the relevant data on the output of sterile males; a corresponding number of females would also be released. There would be no difficulty in ensuring that these females were sterile and their presence would be unlikely to reduce the effectiveness of the sterile males on the fertility of the population. This was shown to be the case for the screw-worm fly in the laboratory (Bushland & Hopkins, 1951) and both sexes were released in the screw-worm eradication programme (see, for example, LaChance et al, 1967) . If a method for sexing pupae before eclosion was available, all the males, apart from those few required for the breeding colony, could be added to the output, and columns 6 and 7 of Table I would give the relevant data on the output of male pupae. Comparison of columns 4 and 6 indicates that the sexing of pupae could increase the output of male pupae by 18-20%. If A: female pupae are required in a given time to be added to the breeding stock of a stationary colony the total production of female pupae in the same time is k 5 (Ijn^) (Monro & Osborn, k 1967) . With G. austeni about 7 male pupae need to be added to the stock of " stud " o males in the same time (Jordan & Curtis, 1968a) . From the data in this paper it may be calculated that about 18% of the female pupae produced and 3% of the male pupae' need to be retained.
use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300003643 Phelps et al. (1967) measured six linear dimensions of pupae of G. morsitans orientalis Vanderplank and calculated two canonical variables. There was much overlap in the distributions of these variables for males and females, but the " tails " of the distributions were sufficiently distinct that it would have been possible to select out, before eclosion, 18% of females and 3% of males. It would appear very difficult to automate the measurement of linear dimensions for large-scale operations, but a similar degree of sex difference may occur in more conveniently measurable characters. Sexing of pupae would only be economically justifiable if its cost was repaid by the modest increase in the disposable output of male pupae mentioned above.
The large-scale production of tsetse flies by the methods described would be very expensive compared to that for many other insects, but considerations of their biology suggest that relatively low release rates of sterile males might be effective in achieving control. High rearing costs of tsetse are primarily because the females can only produce a single larva in about a nine-day period and because of the expenses which arise from the necessity for daily feeding of flies on animal hosts. Very little reduction in the cost of production could be achieved by improvements in the longevity of the breeding females or their pupal production per reproductive cycle (Jordan & Curtis, 1968a) . This is because female longevity is so great that only a small fraction of the progeny produced have to be used for replacing deaths in the breeding colony, and because the probability of production of a female pupa per ovulation is already close to the maximum value of 0-5, especially with rabbits as hosts (Fig. 2) .
The gestation period has been reduced from nine days to eight days in rabbit-fed flies maintained in an incubator at a higher temperature, but longevity was reduced . Computations from their experimental data give the value of r m as 0-0157 and the maximum weekly output from a stationary colony of y adults as 0-214 y viable pupae of either sex or 0-269 y young adult males, i.e., less than the figures for rabbit-fed flies shown in Table I . Aeration conditions in the incubator were probably different to those in the insectary, a factor which may have contributed to the inferior productivity of these flies.
It seems difficult to envisage that the productivity of the larviparous tsetse fly can be greatly increased above the levels shown in Table I . Costs might be reduced if a satisfactory and cheap method could be developed for feeding large numbers of flies through artificial membranes. The limited data currently available (Cockings, 1960 (Cockings, , 1961 Southon & Cockings, \963a,b; Azevedo et al., 1968; Galun & Margalit, 1969; Langley & Maly, 1969) suggest that the development of such a method would be technically difficult.
Summary
Survival and age-specific fecundity rates are given for samples of Glossina austeni Newst. fed on lop-eared rabbits or goats. From these, r m (the innate capacity for increase in numbers) is calculated as being 0-0173 for rabbit-fed and 00157 for goat-fed colonies of flies.
The outputs available for disposal from stationary colonies maintained on the two hosts are calculated and the predicted effect of killing the surviving breeding females at various ages is indicated. It is concluded that the weekly output of males, depending on the conditions, could be 20-30% of the number of breeding flies that have to be maintained and that for a given output the number of goat-fed flies that would have to be maintained would be 18-20% greater than the number of rabbit-fed flies. Such small differences in productivity would probably be outweighed by considerations of availability and ease of maintenance of host species in relation to local conditions and costs.
It is believed that the maximum output for colonies of G. austeni has been approached. 
